Abstract This study aimed to correlate the oxidative stress marker levels in saliva with the clinical stage based on mouth opening, fibrotic bands and histopathological grades of oral submucous fibrosis (OSF) patients. The study included patients clinically diagnosed with OSF (n = 63) and equal number of age and gender matched controls. Patients with OSF were defined by mouth opening stage, fibrotic bands and histopathological grades. Unstimulated saliva from both control and OSF patients were analysed for oxidative markers like lipid peroxides (LPO), non-enzymic antioxidants [reduced glutathione (GSH), vitamin A, vitamin E, vitamin C] and enzymatic antioxidants [glutathione peroxidase (GPx), superoxide dismutase (SOD)] and correlated with different stages and grades. Total salivary protein and LPO were significantly increased in OSF group with no significant change in the levels of GSH compared to controls. In OSF patients, a significant decrease in the levels of vitamins A, C and E was observed. The activities of salivary SOD and GPx were significantly decreased in OSF patients compared to controls. These changes significantly correlated with the increasing and differing grades of OSF that reflects increased oxidative stress with the progress of OSF.
Introduction
Oral submucous fibrosis (OSF) is a chronic debilitating disease that is frequently encountered in the people of South-East Asian origin [1] . It is a connective tissue injury strongly associated with the habit of betel chewing as evidenced by increased incidence and areca nut consumption [2] . The initial risk factor of OSF in betel chewers is correlated with arecoline exposure [3] . Arecoline induces myofibroblast transdifferentiation that has a pathological role in tissue fibrosis [4] . Arecoline inhibits the activity of metalloproteinase (MMP)-2 and also a stimulator for tissue inhibitor of metalloproteinase-1 (TIMP-1) activity in buccal mucosal fibroblasts, which accounts for the excessive accumulation of ECM proteins in OSF [5, 6] . OSF has the highest tendency to undergo malignant transformation among the various potentially malignant disorders of oral cavity [7] .
The phenolic compounds in areca-nut and catechu, to which betel-quid chewers are exposed in relatively large quantities are genotoxic at alkaline pH, probably by formation of reactive oxygen species (ROS) [8] . Reactive oxygen species (ROS), and ROS-derived lipid peroxides play an important role in the development and progression of pre-cancerous and cancer conditions. Apart from mitigating ROS induced reactions, antioxidants exert a protective effect [9] , like the role of vitamin A in the stabilization of mucous membrane and its deficiency causes loss of mucous secreting cells and epithelial atrophy [10] .
Early detection of pathology helps in accurate diagnosis to prompt therapeutic intervention, assess the prognosis, and aids in the follow-up in patients. Diagnosis and monitoring involves painful invasive procedures such as biopsies and serological examination, posing an unpleasant experience. Salivary analysis is a simple, non-invasive procedure and quite confirmatory procedure for diagnosis and prognosis [11] . Saliva as a diagnostic fluid can serve as a potent indicator of local and systemic disorders. Localized biochemical changes and associated tissue changes at cellular level with the progress of OSF are reflected in saliva [11] .
Salivary components act as primary defence against free radicals generated during various physiological processes. Alterations in salivary flow rate and its composition reflects the response status and the presence of oral and systemic diseases [12] . The gingival crevicular fluid (GCF) flow increases during gingivitis, with the release of inflammatory mediators into the saliva and thus producing alterations in the antioxidant capacity of saliva [13] . Saliva could thus replace the serum to precisely reflect the systemic redox status [14] . Hence, this study was designed to assess the oxidative status in saliva of OSF patients, as it is a simple, economical diagnostic modality with excellent patient compliance.
Materials and Methods

Study Group
The study group comprised of clinically diagnosed OSF patients (n = 63), and healthy patients without tobacco/ areca nut habits as control group in equal numbers, who were age and gender matched reporting to the Outpatient Department of Oral medicine and Radiology, Faculty of Dental Sciences, Sri Ramachandra University, Porur, Chennai. All experiments were performed with the consent of the patients, and institutional ethical committee approval was obtained before the commencement of study (IEC-N1/ 09/AUG/11/21). Patients with hypertension, asthma, tuberculosis, diabetes mellitus, bleeding disorders, cardiovascular diseases, epilepsy, degenerative joint disease and those undergoing any treatment were excluded from the study. Clinical grading of OSF was based on interincisal distance [15] and the presence of fibrotic bands [16] . Histopathological grading was based on Pindborg and Sirsat [17] .
Collection of Saliva
Unstimulated Saliva was allowed to accumulate in the floor of mouth and collected by drooling method in a test tube. Saliva samples were stored at -20°C until use.
Biochemical Analysis
The protein content in saliva was estimated by the method of Lowry et al. [18] . The levels of lipid peroxides in saliva was measured as thiobarbituric acid reactants (TBARS) [19] . Non-enzymic antioxidants-glutathione [20] ; vitamin A [21] ; vitamin E [22] and vitamin C [23] were also measured. Enzymic antioxidants-Superoxide dismutase [24] and Glutathione peroxidase [25] were assayed in saliva.
Statistical Analysis
Results are expressed as Mean ± SD. Statistical analysis was performed by v 2 test, ANOVA and correlation analysis using statistical software SPSS v.23.
Results
In the study group comprising of OSF patients, a detailed history including, duration of habit in years, frequency of chewing per day, number of packets and stacking habit were recorded. Clinical criteria for diagnosis of OSF were applied, which included blanching of oral mucosa, leathery texture, palpable fibrous bands and difficulty in mouth opening. Clinical diagnosis were confirmed with incisional biopsy and graded histopathologically.
Control group comprised of 61.9% (n = 39) patients between 21 and 30 years; 26.9% (n = 17) between 31 and 40 years; 6.3% (n = 4) between 41 and 50 years; 1.6% (n = 1) between 51 and 60; 3.1% (n = 2) [60 years of age. In experimental group, 38.1% (n = 24) of patients were between 21 and 30 years; 15.9% (n = 10) between 31 and 40 years; 31.7% (n = 20) between 41 and 50 years; 9.5% (n = 6) between 51 and 60; 4.8% (n = 3) [60 years of age. Higher incidence of OSF was recorded in the 21-30 years (Fig. 1) .
Control group comprised of 68.3% (n = 43) of males and 31.7% (n = 20) of females. Experimental group comprised of 84.1% (n = 53) of males and 15.9% (n = 10) of females (Fig. 2) . The incidence of OSF between female: male was in the ratio of 1:5.3. Figure 5 shows distribution of subjects based on histopathological grade. The study group comprised of 4.8% (n = 3) in Grade 1; 11.1% (n = 7) in Grade 2; 6.3% (n = 4) in Grade 3 and 77.8% (n = 49) were in Grade 4. Table 1 Table 2 summarizes the levels of protein, lipid peroxides(LPO), glutathione(GSH), vitamins-A, C, E and activities of Superoxide dismutase (SOD) and glutathione peroxidase (GPx) in saliva of experimental and control groups. Total salivary protein was significantly increased in OSF group (p \ 0.001) compared to controls. The levels of LPO was significantly increased (p \ 0.001) in the OSF group compared to control group. No significant decrease in the levels of GSH was recorded in OSF patients compared to controls. A significant decrease in the levels of vitamins A (p \ 0.001), vitamin C (p \ 0.001) and vitamin E (p \ 0.001) were observed compared to controls. The activities of salivary SOD (p \ 0.001) and GPx (p \ 0.001) were significantly decreased in OSF patients Table 3 depicts the levels of protein, lipid peroxides, glutathione, vitamins-A, C, E and activities of Superoxide dismutase (SOD) and glutathione peroxidase (GPx) in saliva of OSF patients grouped based on clinical staging of mouth opening. The increase in the levels of salivary protein and lipid peroxides (LPO) were significant (p \ 0.001) at all stages compared to control. No significant alterations were noted in salivary GSH levels compared to control. The decrease in salivary vitamin A, vitamin C and vitamin E levels was significantly (p \ 0.001) at all stages compared to control. Salivary enzymic antioxidants-SOD and GPx were significantly decreased (p \ 0.001) compared to control. The increase in the levels of salivary protein and LPO positively correlated (p \ 0.01) with the advancing stages of mouth opening whereas no significant correlation was noted with the GSH levels. The decreases in the levels of salivary vitamins-A, C and E and activities of enzymic antioxidants-SOD, GPx was significant (p \ 0.01) and negatively correlated with the advancing stages of mouth opening. Table 4 shows the levels of salivary protein, LPO, vitamins A, C, E and the activities of SOD and GPx in OSF patients grouped on the basis of fibrotic bands. Salivary protein and lipid peroxide levels were significantly increased (p \ 0.001) in all grades compared to control. No significant changes were noted in salivary GSH levels at all grades compared to control. Salivary vitamin A, vitamin C and vitamin E levels were significantly decreased (p \ 0.001) at all grades compared to control. Salivary enzymic antioxidants-SOD and GPx activities were significantly decreased (p \ 0.001) at all stages compared to control. Correlation analysis showed a significant positive correlation between the increases in salivary protein and LPO and increasing grades of fibrotic bands, whereas the decreases in salivary vitamin A, vitamin C, vitamin E and enzymic antioxidants-SOD, GPx negatively correlated (p \ 0.01) with the increasing grades of fibrotic bands. Table 5 shows the levels of protein, LPO, vitamins A, C, E and activities of SOD and GPx in saliva of patients grouped on the basis of histological grades. The levels of salivary protein (p \ 0.01) and LPO (p \ 0.001) were significantly increased in all histological grades compared to control. Salivary GSH levels showed no significant alterations compared to control at all stages compared to control. Salivary vitamin A, vitamin C and vitamin E levels were significantly decreased (p \ 0.001) at all grades compared to control. The activities of salivary SOD (p \ 0.001) and GPx (p \ 0.001) were decreased compared to control. Correlation analysis of salivary protein, LPO levels with histological grades showed a positive correlation (p \ 0.01), whereas the decreases in the levels salivary vitamin A, vitamin C, vitamin E and enzymic antioxidants-SOD and GPx negatively correlated with all histological grades.
Discussion
Oral submucous fibrosis (OSF) clinically presents as an inflammation, blanching of the oral mucosa, with fibrotic bands, leading to trismus [26] . The stacking of areca nut quid mixture contacts the oral tissues and causes its constant irritation by alkaloids in areca nut, including arecoline, arecaidine, guvacine and guvacoline. The components of areca nut autoxidize in alkaline condition and produce ROS [27] . The local injury caused by areca nut chewing results in chronic inflammation, subsequent release of inflammatory mediators, ROS and cytokines. Chronic ROS mediated injury to the cells results in precancerous changes in the oral mucosa and subsequently its malignant transformation [8] . Despite proper counselling and motivation to quit chewing pan/betel nut/gutka by health care providers, incidence of OSF is high and its potential to undergo malignant transformation necessitates curbing the disease at the grass root level. The present study analysed the enzymatic and non-enzymatic antioxidants in saliva of patients with OSF to assess the changes in oxidative status with the progress of this potentially malignant disorder condition.
Salivary proteins such as a-amylase, proline-rich proteins, histatins are synthesised within the salivary glands, whereas salivary albumin is a derivative of serum [28] . Salivary protein composition reflects the cellular signal interactions resulting from stress as well as various environmental influences [29] . In cancer and pre-cancer patients, the salivary protein concentration increases [30] . In the present study, salivary proteins increased in OSF group and the increase positively correlated with progressive clinical grades based on mouth opening, fibrotic bands and histological grades.
Free radicals and antioxidants play a significant role in oral cancer and carcinogenesis. Lower levels of ROS are involved in cell growth, however, higher levels produce damage to various components of the cell at the RNA, DNA, protein and cell membrane levels to induce cytotoxicity and ultimately resulting in cell death [31] . Salivary lipid peroxides reflect the local oral oxidative stress and is increased in OSF, leukoplakia and cancer [32] [33] [34] [35] . In the present study, a significant increase in salivary lipid peroxide levels were observed in OSF group compared to control group. The increases in salivary lipid peroxides correlated with severity of mouth opening stage, fibrotic grades and histologic grades of OSF. Increased LPO is attributed to high copper levels in saliva of patients chewing arecanut [36] .
The inherent antioxidants in saliva include uric acid, ascorbate, reduced glutathione (GSH) and a-tocopherol [37] . In the presence of ascorbic acid or thiols, urate scavenges the free radicals [38] . Albumin, catalase-positive oral commensals along with fresh blood from injured capillaries and enzymatic antioxidants like SOD, GPx and catalase also serve as antioxidants [39] . Decrease of GSH leads to cell cycle arrest, cytotoxicity and concomitant epithelial atrophy in OSF [40] . In the present study, absence of an increase in the salivary GSH levels could be due to the repression of GSH synthesising enzymes. Absence of an increase in GSH levels is not only from repression of synthesising enzymes, but also from increased conjugation with arecoline [41] . Superoxide dismutase reduces superoxide (O 2 -) anion generated in cells and acts as a pro-oxidant by producing H 2 O 2 , which requires other antioxidant systems, such as CAT and GPx enzymes to detoxify H 2 O 2 [42] . An imbalance in the ratio of SOD to CAT/GPx is involved in the incidence of many disease [43] . In the oral cavity, radiation induced fibrosis is restored by SOD and thence the normal physiological functions are retained [44] . In the present study, however the activity of SOD was decreased in OSF, and could have resulted in low levels of H 2 O 2 . Detoxification of H 2 O 2 requires GPx and CAT. Detoxification of H 2 O 2 by GPx occurs at lower concentration of H 2 O 2 , whereas CAT is effective when GPx pathway reaches saturation with substrate and at higher concentration of H 2 O 2 . In the present study, lower activity of SOD could have resulted in higher levels of superoxide anion and resulted in inhibition of CAT [45] . Lower activity of GPx could be a consequence of suboptimal generation of H 2 O 2 . Further GPx, is also involved in the maintenance of GSH in reduced form [46] . Salivary vitamin A levels positively correlate to serum vitamin A levels and the levels are lowered with advancing stages of OSF [47] . In the present study, salivary vitamin A levels decreased significantly with increasing grades and stages of OSF. These results confirm the role of vitamin A deficiency in fibrosis [48] and epithelial atrophy [9] . Ascorbic acid is an important free radical scavenger antioxidant and its levels decrease with increased utilization in collagen synthesis with increased lipid peroxidation caused by the stimulation of fibroblasts [49] . The increase in lipid peroxidation products in the present study could be a contributing factor to the associated severity of disease presentation.
In summary, the action of GSH, vitamin E and vitamin C are synergistic, with vitamin E on the lipophilic domain and vitamin C on the hydrophilic domain of the membrane. Vitamin C and vitamin E together prevent the oxidation of GSH and GSH is required in the regeneration of both vitamin E and vitamin C [50] . The absence of any further increase in the levels of GSH in saliva could have resulted inlow levels of vitamin E and vitamin C in saliva of OSF patients and thus increased the peroxidative damage in oral cavity and favoured the progress of disease.
Conclusion
Salivary diagnostics has a phenomenal application in various basic medical and clinical research, however its application in clinical use is limited. The current results show that assessment of salivary oxidants and antioxidants can be useful in monitoring the progress of OSF and also aid in modifying the therapeutic strategy.
